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(57)Abstract: 

PURPOSE: To eliminate the need for hydrogen having high explosion, a hydrocarbon gas having high combustibility, etc., to 
increase safety by using an OH group-contalnmg. alcohol as a reaction gas and synthesizing a diamond film without diluting the 
gas with hydrogen. 

CONSTITUTION: An OH group -containing alcohol (e.g. methanol or ethanol) is used as*a reaction gas and is not diluted with 
hydrogen to form a diamond film. In the operation, a film is formed by using an organic microwave plasma CVD device and the 
temperature of a substrate or bass on which a film is formed is made ≤200°C. Consequently, an unreleasable diamond film is 
safely and inexpensively synthesized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of producing a diamond film by using reactant gas with little risk. 

[0002] this invention relates to low-temperature composition of a diamond film. 

[0003] 

[Description of the Prior Art] In case a diamond film is produced conventionally, what mixed the dilution gas which dilutes the 
material gas containing a carbon atom and this material gas as reactant gas is used. Moreover, a minute amount, in addition using 
are also in the aforementioned mixed gas about addition gas, such as oxygen and helium. 

[0004] For example, when using microwave plasma C VD (chemical vapor growth) equipment, in case methane is used as 
material gas containing a carbon atom, diluting with hydrogen is the requirement which produces a diamond film. As the 
microwave plasma CVD system is shown in drawing I , by exciting reactant gas by microwave (frequency being 2.45GHz), it is 
the method of compounding a diamond film on a substrate 4, and the methane concentration at the time of a diamond film being 
compounded is 0.5 - 1 .5%. Although the membrane formation speed of a diamond film increases corresponding to methane 
concentration, quality deteriorates conversely. 

[0005] Although the method of changing methane concentration in membrane formation of karyogenesis and after that may be 
used in the diamond membrane formation by the microwave plasma CVD method, even if it is this method, methane 
concentration is about a maximum of 10%. Moreover, in a microwave plasma CVD method, 700-900 degrees C is suitable, there 
may be no sludge, and above this temperature, a non-diamond component increases and the temperature of the base in diamond 
film composition or a substrate becomes graphite-like below at this temperature. 

[0006] As a method of forming a diamond film in others, heat filament CVD is used well. With this method, a substrate 4 is 
heated at 700-1300 degrees C by flowing reactant gas into the quartz coil 1 from a gas inlet 2, passing current on the filament 3 
made from a metal tungsten (or tantalum), heating this filament at 1 500-3000 degrees C, and making a thermoelectron emit, as 
shown in drawing 2 . It is the method of compounding a diamond film on a base or a substrate 4 according to a chemical reaction. 
The pressure in a reaction container is maintained by 1 - 350Torr at this time. So, heat CVD is the method of it being cheap and 
performing easily. In **** filament CVD, the material gas concentration to hydrogen is usually 0.5 - 2%. If about 0.5% of the 
oxygen density to hydrogen is the optimal and it becomes more than it, a diamond film stops moreover, existing, although, as for 
membrane formation speed, by using oxygen as addition gas shows improving. 

[0007] As mentioned above, if hydrocarbon gas, such as methane, is used as reactant gas in case a diamond film is compounded, 
to dilute with hydrogen to several% is absolutely required. Furthermore, the base or substrate by which a diamond film is 
compounded must be heated by 700 degrees C or more. 
[0008] 

[Problem(s) to be Solved by the Invention] In a Prior art, it needs to dilute by explosive, very high hydrogen absolutely, the 
material gas, for example, the methane etc., containing carbon etc., and danger always hangs around. Furthermore, in order to use 
a hydrocarbon as material gas containing carbon, the inflammability always exists. 

[0009] Moreover, the temperature of the base by which a diamond film is compounded, or a substrate is as high as 700 degrees C 
or more, and it is very difficult to compound a diamond film on the matter of the heat-resistant low low melting point, and further, 
by hot membrane formation, by cooling at the time of taking out a base or a substrate, a crack may arise on a diamond film and it 
may become the cause of ablation. 
[0010] 

[Means for Solving the Problem] Then, we invented the method of compounding a diamond film without the need of using a 
strong inflammable hydrocarbon, as a result of coming sharp research in piles, in order to take sufficient safety into consideration. 
That is, by using the alcohols which contain OH basis as reactant gas showed that a diamond film was compounded. Furthermore, 
as a result of repeating sharp research, when using alcohols as reactant gas, it turns out that it cannot dilute with hydrogen but ** 
can also create a membraneous good diamond film. Thus, since the diamond film formed membranes with 100% of alcohols, it 
became possible to compound a diamond film by the way material gas goes into a hand easily very cheaply. 
[001 1] In the method of compounding a diamond film only using the alcohol containing the above-mentioned OH basis, when an 
owner magnetic field microwave plasma CVD system is used, an effect shows up notably most. That is, owner magnetic field 
microwave CVD is the method of performing by reduced pressure of 1 or less Torr, and is because it has been the conditions 
which a liquid raw material is easy to be evaporated. The schematic diagram of an owner magnetic field microwave plasma CVD 
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system is shown in drawing 3 . The reactant gas which flows from a gas inlet 2 using the interaction of the microwave introduced 
into the reaction chamber from a magnetic field with the magnetic field coil 7 and a microwave waveguide 6 is excited efficiently, 
and the carbon film or diamond film containing a diamond is formed on a substrate 4. External control of the substrate 4 is carried 
out by heating a substrate maintenance board. Moreover, the suspension electric field 8 can also be added to a substrate 4. The 
gas which diluted the hydrocarbon of a gas or a liquid with hydrogen in usual [, such as methane, a carbon monoxide, ethylene, a 
methanol, and ethanol, ] as reactant gas is used. Moreover, the gas which carried out little addition of water, a carbon dioxide, and 
the oxygen is also used. 

[0012] In this diamond membrane formation, although diamond composition is performed using 100% of liquid raw materials, 

you have to gasify a liquid by methods, such as heating, in this case, without carrying out bubbling. Moreover, it is also possible 

to send out constant-rate gas to a reaction chamber using the vapor pressure generated by making the inside of a liquid tank 

reduced pressure depending on the vapor pressure of a raw material liquid. 

[0013] 

[Example] 

In the "example 1 " this example, the diamond film was formed using the owner magnetic field microwave plasma C VD system 
shown by drawing 3 . Since membranes can be formed by this method at 1 or less Torr, it is a method advantageous to gasifying a 
liquid. Membrane formation conditions are shown below. The substrate used phi 100mm Si wafer. Methanol lOOccm was used as 
material gas. For 2.0x1 0-1 Torr and substrate temperature, 800 degrees C and the processing time are [ reaction pressure ] 4hr(s), 
3kW of microwave (2.45GHz) outputs, and maximum magnetic-field-intensity 2kGauss. Measurement of thickness placed the 
dummy Si wafer for masking on Si wafer on the occasion of membrane formation, and the level difference of the formed portion 
and the portion which was not formed with a mask performed it. 

[0014] As a result of forming membranes on the above-mentioned conditions, thickness was about 3 micrometers. That is, 
membrane formation speed was about 0.75 micrometer/hr. 

[001 5] The result which measured the membraneous quality of the film formed by drawing 4 at a part for the core of a 

phil OOmmSi wafer by the Raman spectroscopy is shown. Although the broadcloth amorphous-like carbon film peak exists in the 

1550cm-l neighborhood, it turns out that the sharp peak of a diamond could be checked to 1333cm-l, and the diamond film was 

formed. 

[0016] In the "example 2" this example, diamond film membrane formation was performed using the same owner magnetic field 
microwave plasma C VD system as an example 1 . However, in this experiment, substrate temperature was made into 1 00 degrees 
C by cooling a substrate. Other conditions are the same as an example 1, and used methanol lOOccm as material gas. Reaction 
pressure was set to 2.0xlO-lTorr, and the processing time was set to 10hr(s), 3kW of microwave (2.45GHz) outputs, and 
maximum magnetic-field-intensity 2kGauss. 

[0017] Raman of the formed film - the result of a spectrum is shown in drawing 5 An amorphous-like peak is no longer seen 
hardly, and it turns out that it is a membraneous good diamond film. 

[001 8] If thickness is measured by level difference measurement, it is about 1 micrometer. Membrane formation speed was about 
0. 1 micrometer/hr. Since membrane formation speed is 0.5-0.8 micrometers as shown in an example 1, when membranes are 
conventionally formed at the elevated temperature around 800 degrees C, although membraneous quality improves by making 
substrate temperature into low temperature, it turns out that membrane formation speed decreases. However, most ablation 
phenomena of seeing of the diamond film seen in the conventional elevated-temperature membrane formation were lost. 
[00 1 9] In the "example 3 " this example, the diamond film was compounded using the microwave plasma C VD system which 
does not use a magnetic field. The schematic diagram of this microwave plasma CVD system is shown in drawing 1 . Since the 
magnetic field is not used, it is very simple equipment, and it is cheap. However, the size which can compound a diamond film 
uniformly unlike an owner magnetic field microwave plasma CVD method is very as small as about phil cm. However, it 
becomes possible by taking the method of fonning membranes, moving a mechanical device, for example, a substrate 
maintenance base, to compound a diamond film on a large area. Moreover, by using the thing of fine differential pressure 
specification as a flow controller, with 10 or more Torrs, even if reaction pressure is high, it can supply material gas stably. 
[0020] The membrane formation conditions in this example are shown below. They are methanol lOOccm and a microwave 
(2.45GHz) output as reactant gas. 600W and the substrate were set to phi2cm Si wafer, the substrate temperature of 750-850 
degrees C, and processing-time 4hr. 

[0021] When thickness was measured by level difference measurement, it was about 2.5 micrometers and membrane formation 
speed was about 0.6 micrometer/hr. Said thickness was the maximum thickness portion and dispersion in thickness was about 
**50%. 

[0022] furthermore, Raman of the maximum thickness portion - the result of a spectrum is shown in drawing 6 Although the 
Raman peak of an amorphous-like carbon film is remarkable and is seldom a membraneous good diamond film, since a peak was 
seen to the 1 333cm- 1 neighborhood, it could check that the diamond component was contained in a film, and it was shown also 
by this method that production of a diamond film is possible. 
[0023] 

[Effect of the Invention] The diamond film could be produced without using powerful inflammable hydrocarbon gas further, 
without using explosive high hydrogen by using this invention. Moreover, in order to use the material which is a liquid in usual as 
reactant gas, it is not necessary to use a high-pressure bomb etc., and is safe. Furthermore, processing of exhaust gas can also be 
performed now by the method simpler than the time of having diluted with hydrogen conventionally. Moreover, a lower alcohol 
can compound now eye a cheap hatchet and a diamond film from a cheap raw material very much. 
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[0024] In order to compound a diamond film also at low temperature, the diamond film could be compounded on a heat-resistant 
low base or substrates, such as a metal of the low melting point, and since coefficient of thermal expansion was still higher, the 
temperature of a substrate could compound the diamond film, without exfoliating also on the substrate in which the diamond film 
had exfoliated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The diamond film production method characterized by being compounded only using the alcohols containing OH basis, 
without using and diluting hydrogen in case the alcohols which contain OH basis as reactant gas are used in the method of 
producing a diamond film. 

[Claim 2] The diamond film production method characterized by forming membranes using an owner magnetic field microwave 
plasma CVD system in a claim 1 . 

[Claim 3] The diamond film production method characterized by the base or substrate by which a diamond film is compounded 
being 200 degrees C or less in a claim 1 . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

1'Drawing 1 1 The schematic diagram of a microwave plasma C VD system is shown. 
[Drawing 2"| The schematic diagram of a heat filament C VD system is shown. 

[Drawing 3] The schematic diagram of an owner magnetic field microwave plasma C VD system is shown. 

[Drawing 41 The Raman spectrum of the diamond film which formed membranes at the substrate temperature of 800 degrees C is 

shown using an owner magnetic field microwave plasma C VD system. 

[Drawing 5| The Raman spectrum of the diamond film which formed membranes at the substrate temperature of 100 degrees C is 
shown using an owner magnetic field microwave plasma C VD system. 

[Drawing 6] The Raman spectrum of the diamond film which formed membranes using the microwave plasma C VD system is 
shown. 

[Description of Notations] 

1 Quartz Coil 

2 Gas Inlet 

3 Filament 

4 Substrate 

5 Exhaust Air 

6 Microwave Waveguide 

7 Magnetic Field Coil 

8 Floating Potential 



[Translation done.] 



